been supported by these provisions, enabling the supplies of these materials indicate higher demand than supply. As examples, terbium, dysprosium, samarium are used in permanent magnet production. Figure 2 also shows critical metals that will experience a higher impact of supply restriction due to high from spent sources must be developed, as shown in Table I . These are the metals that require special attention from the recycling and recovery perspectives.
RECOVERY AND RECYCLING APPROACHES
Driven by the superalloy sector, which accounts for 80% use of rhenium metal, an annual growth in demand of an average of 5% for rhenium is Rhenium metal is also used as an additive to tungsten and molybdenumbased alloys, filaments for mass spectrographs and ion gauges, and rhenium-molybdenum alloys in superand arc-corrosion resistance, it is also an important electrical contact material high temperatures.
The current global production of rhenium is estimated at 50 mT, with growth supported by an expansion in primary production capacity, greater recycling of rhenium-bearing superalloy scrap and increased use of supply in the United States will always be strained due to net import reliance of 85%.
In addition to being produced as a byproduct of molybdenum, it is possible to recycle rhenium during processing growing demand.
Mo-Re, and other superalloy scraps have been carried out via an oxidative pyrometallurgical roast technique.
°C under an oxidizing atmosphere to convert the contained rhenium to water-soluble rhenium pentoxide (Re 2 O 7 ). The volatile rhenium pentoxide is condensed in the cooler part of the tube furnace. This condensed material is then sent for digestion in water. The aqueous rhenium (ReO 4 -) is subsequently precipitated as potassium perrhenate, upon the addition of potassium chloride via the following reaction: 
with distilled water, and then with 95% salts. 3 The process of rhenium recovery from spent platinum rhenium catalyst relies on the use of sulfuric acid for the dissolution of alumina, rhenium, and to some extent, platinum. The rhenium-rich solution is separated from the platinum-containing residue and separated from the aqueous aluminum using ion exchange. Rhenium is subsequently eluted from the organic amine resin by way of hydrochloric acid addition. After elution, the rhenium-rich eluate is neutralized using ammonium hydroxide. This solution is then evaporated to form a super-saturated solution, and cooled to allow for crystallization of ammonium perrhenate. After continued redissolution and recrystallization, a high purity ammonium perrhenate precipitate is obtained. 4 A process for the electrolytic decomposition of rhenium superalloys has shown favorable results (U.S. patent act as the electrodes and contain superalloy scrap, are fed to a polypropylene solution. The electrolytic dissolution is carried out for 25 hours at a frequency 3-4V, and a temperature of 70°C. The the pregnant solution and sent for further dissolution in sodium hydroxide/ peroxide solution. These processes, having shown technical viability on a laboratory scale, need to be further optimized for commercialization.
As to trends for other strategic materials, tantalum has a recycling rate of approximately 20%, while molybdenum shows less than a 30% rate of recycling in the United States. Yet, tantalum and molybdenum contained in scrap imported by the U.S. exceeds 30 mT and 200 mT, respectively.
Tantalum shows a downward trend consumer electronics. The supply of columbite-tantalite (coltan) from South available and the prices low. Tantalum future owing to its superior dielectric properties (capacitors with higher capacitance voltage, better heat transfer, and frequency characteristics) and its excellent corrosion resistance (chemical, medical, and pharmaceutical industries; fabrication of heating elements, surgical implants, combustion turbines and jet engines.) Tantalum shows good thermal conductivity and is useful as a heat transfer surface in acidic or corrosive environments.
Molybdenum's high melting point
shields, heating elements, electrodes, and other high temperature components. Its primary use is as an alloying agent in steels (SS, Cr-Mo, etc.) and applications for molybdenum include electrodes for electrically heated glass furnaces, nuclear energy applications, and missile and aircraft parts. It is electronic/electrical applications, and as material for arc resistant electric contacts and thermocouple sheaths. Some of the current recovery processes of Mo from molybdenum oxide in spent catalysts employs sodium chloride salt roast and leach 5 : 
CONCLUSION
Recycling of critical and strategic metals will become a necessity as demand will outstrip the supply in the future, particularly in the United States, and reliable source for spent secondary resources will be required, while technologies need to be developed that are optimized, not only economically, but also from energy and environmental perspectives. Better separation and scrap sortation schemes must be adopted, followed by adequate benrecovery processes. Just as with steel and aluminum, primary production of these strategic metals will have to be supplemented by secondary recovery for sustainability.
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